We read the report by Drs. Zimmer and Magnuson which appeared in the Journalof Histocbemutq and Cytochemistry 38: 171,1990 (1). Their results are excellent, as shown in their photomicrographs, and indicate that there is a gradient ofphosphoenolpyruvate farb"ykioase (PEPCK) from periportal hepatocytes to the pericentral cells. It is known that several enzymes are involved in the regulation of gluconeogenesis (for the synthesis of both glucose and glycogen) and glycolysis (2). The finding of heterogeneous distribution of carbohydrate-metabolizing enzymes in the hepatocytes in different areas of the liver reflects variations in their functional state, and our observations (3,4) strongly support their study. However, in that study and others in the literature, we find that most light micrographs showing the immunohistochemical localization of the enzymes related to carbohydrate metabolism are at low or intermediate magnification using x 5-40 objective lenses and 5-10-pm thick sections. These conditions do not allow highresolution determination ofthe subcellular distribution of these enzymes.
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To reveal the subcellular distribution of PEPCK in individual hepatocytes at the light microscopic level, we have used goat anti-rat PEPCK serum as the priiary antibody, followed by immunogold localization with a gold-labeled secondary antibody, silver staining (IGSS), and high-resolution epipolarized light microscopy (5, 6) . Normal adult Sprague-Dawky rats were anesthetized with sodium pentobarbital and transcardially perfusion-fixed with cold 4% paraformaldehyde in 0.1 M phosphate buffer (PB), pH 7.4, for 15 min. Slices (2 mm thick) of fixed liver were permeabilized in 1% Surfact Amps X-100 (Pierce; Rockford, IL) and 1% NH&I in half-strength PBS (0.1 M phosphate and 0.8% NaCI, pH 7.4) for 15 min at room temperature, then infiltrated with 30% sucrose in PBS overnight at 4°C. The cryoprotected slices were frozen on dry ice and cut into 10-pm cryosections that were thawed onto slides for immunocytochemistry. The immunogold-silver-stained sections were counterstained with 0.3% pyronine Y in water, dehydrated through an ascending ethanol series, and then embedded on the slides in a thin layer of plastic resin. After polymerization, the embedded sections were peeled off the slide, glued to a blank chuck, and cut into semi-thin sections (0.5 pm) with2 sapphire knife on an ultramicrotome. The resulting semi-thin sections were collected on glass slides and cmrslip-mounted with permount for epipolarization microscopy. For achieving the highest magnification we employed a x 100 objective lens and The illumination is a combination ofa low intensity oftransmitted light with epipolarized light. The advantage of using both epipolarization illumination and normal light illumination is the ability to show the antigenic sites and the tissue prof& simultaneously. The PEPCK molecules were subcellularly localized by silver-enhanced gold particles. Under these conditions, the PEPCK antigenic site within the hepatocytes is highlighted by depolarized light (generated by gold-silver grains under the illumination of epipolarized light) and the cellular structure is shown by low-intensity ' Supported in part by NIH grant DK2709. transmitted light. The images acquired with a CCD video camera were transferred to a video monitor for computerized pseudocolor processing. A unique color spectrum for assigning pseudocolors for the different light intensities was designed and used throughout the experiment. The individual images acquired from different hepatocytes can be printed as color prints for comparison. We have used the new technique to study the variance of PEPCK subcellular distribution in cells in different lobular locations of the rat liver (e.g., periportal, midlobular, and pericentral).
In the pseudocolor prints, the cytosomal sites of abundant gold-silver grains are shown as red-outlined green color, the nuclei and some cellular organelles (e.g., mitochondria and lysosomes) are a blue to dark-blue color, and the remaining cytosome is a pink-purple color.
We found that the PEPCK molecules were present only in certain areas of the cytosome in the hepatocytes. Most of the hepatocytes in the midlobular area have PEPCK in a combination of diffuse and compact clumps in the cytosome ( Figure 1) ; those in the periportal area have PEPCK in a patch-like compact subcellular division ( Figure 2) ; and those in the pericentral area have PEPCK diffuxly distributed in the cytosome (Figure 3 ). When normal serum replaced the primary antibody in the procedures, the background is very low (Figure 4 ). These results confirmed the early hypothesis of SERGE predicted in 1985 by Cardell et al. (7) . According to the SERGE theory, enzymes, substrate glycogen precursors, and/or ions needed for glycogen synthesis are located in cytosomal regions containing smooth endoplasmic reticulum. This region is named SERGE because it contains smooth endoplasmic reticulum, glycogen and/or glycogen precursors, and enzymes and other essentials required for glycogen metabolism (7). The carbohydrate-metabolizing enzymes are present only in restricted areas of the cytosome of hepatocytes and not uniformly throughout the cytosome, in their nuclei, mitochondria, or associated with plasma membranes. As a functional unit, SERGE is not a fmed-size subcellular structure, and varies in overall size from hepatocyte to hepatocyte at different lobular locations and during different metabolic states, as do the relative amounts of the structural components of the SERGE. We wish to share our preliminary results on the pseudocolor image processing of immunogold-silver PEPCK localization in hepatocytes with the authors because we feel that our current technique offers a way to study subcellular immunolocalization of carbohydrate metabolizing enzymes at the light microscopic level, and the magnification (approximately x 3000 in these pictures, as determined with a calibration slide) is close to the low magnification of an electron micrograph. The procedure can also be applied to in situ hybridization studies. We hope that our data will be helpful to those considering high-resolution light microscopy for analyzing their research results. Further details are available on request. 
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